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The expression of phenotypic markers was examined during fetal and neonatal differentiation of rat tra-
cheal epithelial (RTE) cells. The rat counterpart of human keratin 18 was predominantly found in colum-
nar cells in the adult trachea. It was detected in the primordial tracheal epithelium first seen on gestational
day (GD) 12 (term = 21.5 days). Staining intensity gradually increased, and by GD 17 it was principally
localized to the apical portion of the epithelium. The rat counterpart of human keratin 19 was barely de-
tectable in the trachea on GD 13 but became abundant in almost all RTE cells on and after GD 19. Morpho-
logically and immunocytochemically identifiable secretory and ciliated cells appeared on GD 18. Ciliated
cell number slowly rose while secretory cells increased dramatically on GD 19 through postnatal day
1. The secretory granule antigens detected by monoclonal antibodies RTE 9 and 11 were rare in the adult
trachea but were highly expressed in virtually all of the perinatal secretory cells. In contrast, the epitope
detected by monoclonal antibody RTE 12, which was present in all adult tracheal surface secretory cells,
did not appear until postnatal day 1 and slowly increased. These results demonstrate marked shifts in the
biochemical composition of secretory cells during development and postnatal maturation. For the above-
mentioned molecules, a similar expression pattern was observed during epithelial regeneration in tracheal
grafts (Am. 1. Respir. Cell Mol. Biol. 1992; 7:30-41). Pseudostratification of the epithelium and basal
cells was first observed on GD 20. Keratin 14, which is confined to basal cells in the normal adult trachea,
was not present in the nascent basal cells but appeared after postnatal day 1. In contrast to the present
results, during epithelial regeneration in tracheal grafts keratin 14 appeared before markers of highly
differentiated secretory or ciliated cells. Thus, the biochemical sequence of cellular differentiation during
regeneration did not precisely recapitulate development.
Exact pathways of cellular biochemical differentiation during
tracheal epithelial development have not been elucidated, but
it is thought that basal, secretory, and ciliated cells arise
from an undifferentiated precursor (1, 2 [and references
within]). Secretory cells are highly proliferative during de-
velopment and may give rise to ciliated cells (1, 2). Typical
basal cells appear late in gestation and thus are not the pro-
genitors of secretory or ciliated cells (1-3).
Molecules such as keratins and specific sugar residues on
glycoconjugates that are expressed in distinct morphologic
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cell types in the normal adult rat trachea can be detected with
monoclonal antibodies (mAbs) and lectins (4-7). The ex-
pression of several of these markers was recently examined
during epithelial regeneration in tracheal grafts (7). A cell
provisionally called the "poorly differentiated" cell (PD cell)
was a pivotal intermediate. Interestingly, PD cells expressed
keratin 14 and Griffonia simplicifolia I-isolectin B4 (GS
I-B4) lectin binding sites, which are features of basal cells
in adult tracheas, but they did not express markers character-
istic of highly differentiated secretory or ciliated cells. Dif-
ferentiation of specific cellular phenotypes from PD cells in-
volved the gradual loss of keratin 14 and GS I-B4 lectin
binding sites and the acquisition of molecules characteristi-
cally expressed in secretory and ciliated cells.
The purpose of the studies described here was to better
understand the evolving cellular biochemical phenotype of
the developing tracheal epithelium and to compare the se-
quence of phenotypic marker expression between develop-
ment and regeneration. mAb RTE 1, which was produced in
our laboratory, detects an antigen found in almost all adult
rat tracheal epithelial (RTE) cells (5). We demonstrate that
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RTE 1 detects the rat counterpart of human keratin 19. The
ontogeny of this protein was examined, as was the develop-
mental expression of the rat equivalents of human keratins
18 and 14, which are predominantly localized to columnar
and basal RTE cells, respectively (6). Temporal expression
patterns of phenotypic markers for subtypes of adult airway
secretory cells as well as ciliated cells were also evaluated.
Materials and Methods
Animals
Timed-pregnant F 344 rats from the NIEHS breeding colony
were used under an Institutional Animal Care and Use Com-
mittee-approved protocol. Sperm-positive vaginal washings
after an overnight period of cohabitation with a male was
considered evidence of pregnancy; the midpoint of cohabita-
tion was counted as the beginning of the 21.5-day average
gestational period of these animals.
Preparation of Fetal and Neonatal Rat Tissues
Two pregnant rats were killed on gestational days (GD) 12
to 20 and four to six pups were killed on postnatal days (D)
1, 7, 14, 21, and 28 using CO2 asphyxiation or sodium pen-
tobarbital overdose. Fetuses were removed, and fetal tissues
were obtained for histologic preparation. Up to GD 18, the
entire fetus was immersed in fixative (fixatives specified be-
low); thereafter, tracheas were removed for fixation. Two to
four tracheas per time point for each fixative were obtained.
Samples representing the upper and lower trachea were pre-
pared for histochemical and immunohistochemical staining
procedures as recently described (4,5, 7). Briefly, five differ-
ent fixation-embedding combinations were used: (1) fixation
with 2 % paraformaldehyde (PFA), 2 % glutaraldehyde (GA),
and methacrylate embedding (JB-4 embedding kit; Poly-
sciences, Warrington, PA) for alcian blue (pH 2.5)-periodic
acid-Schiff-hematoxylin (AB-PAS-H) staining; (2) acetone
fixation and paraffin embedding for staining with mAbs RTE
1,9, 11,2, 7, and 13, LL002, and CK18-2 (all antibodies are
described below); (3) 4% PFA fixation and paraffin embed-
ding for staining with mAb RTE 3; (4) 4 % PFA fixation and
frozen sectioning for staining with mAb RTE 12; (5) fixation
with B5 solution (Polysciences) to which 0.1% GA was
added (B5-G) and paraffin embedding for lectin histochem-
istry. Two-, five-, and eight-micron-thick cross sections were
obtained using JB-4-embedded, paraffin-embedded, or fro-
zen tissues, respectively.
Phenotypic Markers for RTE Cells
Eight different lectins or mAbs whose reactivity with adult
RTE cells has been characterized previously (4-6) were uti-
lized. The staining methods were similar to those previously
described (4, 5, 7), with the exception that trypsin-EDTA
pretreatment (0.025% and 0.27 mM, respectively; 10 min at
25°C) was used before mAb CK18-2 and RTE 1 staining and
5 % normal goat serum and 5 % gelatin were used in the
blocking step. The reagents used and their staining proper-
ties in the normal adult trachea are discussed below and are
summarized in Table 1. With regard to the anti-keratin anti-
bodies, it should be noted that there is no keratin catalog for
rats as for humans (8); we do not know how many rat keratins
exist. In strict terms, the rat proteins detected by anti-human
keratins are "human keratin counterparts in rats." For sim-
plicity and brevity, throughout this manuscript, we will refer
to them by their respective human keratin catalog numbers
(8). mAb CK18-2 detects human keratin 18 (9) and strongly
stains columnar-type epithelial cells in the adult rat trachea.
mAb RTE 1 stains almost all RTE cells and epithelial cells
in several other organs but does not stain any mesenchymal
tissues (5); as shown below, it detects rat keratin 19. mAb
RTE 3 intensely stains the cilia and apical plasma membrane
of ciliated cells (5). mAbs RTE 9 and 11 react with the gran-
ules of all mucous-type adult tracheal secretory cells and
with a small subpopulation of serous-type cells (5). mAb
RTE 12 stains the granules of almost all tracheal surface
secretory cells, either mucous or serous types, and intestinal
goblet cells, but does not stain bronchial epithelial cells (5).
GS I-B4 lectin is relatively specific for basal cells in the
adult rat trachea. As previously described (4), all tracheal
basal cells were stained and 84% of GS l-Bz-positive tra-
cheal cells were basal cells; however, 7% were unidentified
cells, 5 % were secretory cells, and 4 % were ciliated, brush,
or inflammatory cells. mAb LL002 reacts with human kera-
tin 14 (10) and is specific for basal cells in the adult rat tra-
chea (6). mAbs RTE 2, 7, and 13 react with most nonciliated
cells, both basal and columnar-type cells, in the upper tra-
chea; they recognize an abundant 69 kD protein and several
lower molecular weight bands on immunoblots of RTE cells,
but the antigen(s) is either masked or absent in the lower tra-
chea and bronchi (5).
Biochemical Characterization of the
Antigen for mAb RTE 1
Previous immunocytochemical and immunoblot results with
mAb RTE 1 suggested that it detected one specific keratin.
Probe
1. mAb CK 18-2
2. mAb RTE 1
3. mAb RTE 3
4. mAbs RTE 9 and 11
5. mAb RTE 12
6. as I-B4 lectin
7. mAb LLOO2
8. mAbs RTE 2, 7, and 13
* al,3 gal = al,3 linked terminal galactose.
TABLE 1










Staining Pattern in Normal Adult Rat Trachea
Predominantly columnar cells
Most cells
Ciliated cell plasma membrane
Mucous cells, small subpopulation of serous cells
All tracheal surface secretory cells
Predominantly basal cells
Basal cells
Nonciliated cells in upper trachea
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Figure 1. Histochemical stain ing of developing rat trachea . Two-micron-thick methacrylate sections, AB-PAS stain . Glycogen droplets
(arrowheads), preciliated cells (arrow). and secretory cells (double arrows) were visible on GO 18. There was a rapid increase in the number
of preciliated and secretory cells by GO 19. Clear evidence of a distinct basal cell layer (arrows ) and pseudostratification were visible
on GO 20. Bar = 20 I'm. GO 17 to 19: membranous area; GO 20 to 0 '21: cartilaginous area.
We used a "hot blot" immunoblot technique to characterize
the antigen. Primary RTE cells were grown for 14 days in
membrane-interface cultures in media containing retinoic
acid as previously described (11) . Under these conditions ,
the cells underwent mucociliary differentiation, and keratin
expression closely resembled that of RTE cells in vivo (11) .
After a l-h preincubation period in methionine-free medium,
the cells were incubated in medium containing 100 JLCi/ml
of pSS]methionine for 4 h. Cytoskeletal extracts were pre-
pared (12) and samples were subjected to two-dimensional
electrophoresis using isoelectric focusing in the first dimen-
sion and sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis in the second (13). Proteins were transferred to
nitrocellulose, and autoradiographs were prepared. The
membrane was then probed with mAb RTE I or mAb LP2K ,
against human keratin 19 (14). Antibody binding was de-
tected with a peroxidase-labeled second antibody as de-
scribed (5). Using this technique, we were able to directly
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dispersed, PAS-positive cytoplasmic droplets, which were
shown to be glycogen by their diastase digestibility.
Ciliated cells. On GD 18, a few large cells with a broad
luminal border, lightly stained cytoplasm, and a large, round
nucleus were observed overlying the membranous area ofthe
trachea; these cells were PAS-negative and did not have cilia.
By GD 19, short, immature cilia were visible at the luminal
border of these morphologically distinct cells. On GD 20 to
21, ciliated cells were still few in number and were observed
only over the membranous portion of the trachea. On D 1,
ciliated cells were still sparse, but they were now found in
the epithelium overlying cartilaginous areas. By D 7, the rel-
ative frequency of ciliated cells increased and by D 21 almost
the entire luminal surface was covered with cilia.
Secretory cells. On GD 18, PAS-positive, diastase-resis-
tant secretory granules first appeared in the apical cytoplasm
of a few cells overlying the membranous area of the trachea.
These granules were distinguishable from glycogen accumu-
lations by their visible hematoxylin-stained core structures,
smaller size, and apical clustering. The cytoplasms of the na-
scent secretory cells were also stained darkly with hematoxy-
lin, contained glycogen, and the cell apex protruded into the
airway lumen. On GD 19, the number of PAS-positive,
diastase-resistant secretory granules per cell increased.
Secretory granules appeared in the apical cytoplasm of
almost all nonciliated columnar cells overlying both the
membranous and cartilaginous areas, and cellular glycogen
content was high. The amount of diastase-resistant, PAS-
positive materials increased dramatically on GD 20 and on
D 1. At this time, the apical cytoplasms of secretory cells as
well as their granules were PAS-positive. Cells containing
AB-positive granules were first observed on D 1. By D 7, the
diffuse PAS-reactivity of the apical cytoplasm of secretory
cells disappeared and PASstaining was confined to granules.
By D 14 and 21, secretory cell frequency and morphology
approached the adult values.
Basal cells. On GD 19, the epithelium was still of the sim-
ple columnar type, almost all cells had centrally placed
nuclei, and no basal cells were observed. On GD 20, pseu-
dostratification of the epithelium began and morphologically
identifiable basal cells were observed. On D 1, the epithe-
lium was pseudostratified and the nuclei of all cells were lo-
cated in the lower third of the epithelium. Basal cells were
clearly recognizable on and after D 1.
Expression of Phenotypic Markers
The time-dependent expression of phenotypic markers is
discussed below in order of developmental appearance and
the results are summarized in Figure 2.
Keratin 18. mAb CKI8-2, which reacts with human kera-
tin 18 (8), predominantly stained columnar cells of the adult
rat trachea (6); expression during development is illustrated
in Figure 3. All the primordial tracheal epithelial cells first
seen on GD 12 were stained. At early times when the expres-
sion was low, mainly cytoplasmic rims at the cell apex and
base were stained. Staining intensity gradually increased
and by GD 17the protein became principally localized to the
apical cytoplasmic portion of the epithelium. Thereafter,
staining was detected in all columnar cells, both ciliated and
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Morphologic Evaluation of the Developing
Trachea with AB-PAS-H Staining
Cytologic development of the trachea was assessed with
2-J.tm-thick AB-PAS-H-stained methacrylate sections to pro-
vide a framework for analysis of marker expression. As dis-
cussed below, RTE cells remained relatively undifferentiated
before GD 18, and morphologic analysis was focused on the
perinatal period. Representative photomicrographs are shown
in Figure 1.
Undifferentiated cells. On and before GD 17, the tracheal
epithelium was of the simple columnar type and consisted
primarily of undifferentiated tall and narrow cells with a cen-
tral nucleus. Undifferentiated cells did not display secretory,
ciliated, or basal cell characteristics but contained widely
Figure 2. Graphic representation of phenotypic marker expression
during rat tracheal development. The term "relative expression"
reflects both the percentage of the total tracheal epithelial cells
stained and the intensity of staining.
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Figure 3, Keratin 18 and 19 protein expression during tracheal development. mAb CK18-2 and mAb RTE 1 imrnunoperoxidase-sta ined
sections, methyl green counterstain. Both keratins were present in the tracheal and lung primordium on GD 13, but keratin 19 staining
was very faint (arrows). On GD IS, keratin 18staining was strong in the trachea (t), but keratin 19 staining was relatively weak; the develop-
ing esophagus (e) is also shown. Keratin 18 and 19 were both abundanl from GD 18 onward. Bar = 50 j.tm .
 







Figure4. mAb RTE I detects rat keratin 19. Cytoskeletal extracts
were obtained from F5S]methionine-labeled RfE cells and were
subjected to two-dimensional electrophoresis. After transfer to
nitrocellulose, autoradiographs were made (a), then the membrane
was probed with mAS RTE I (b). The lowest molecular weight,
acidic keratin is stained, which corresponds to the rat counterpart
of human keratin 19.
secretory types. Basal cells appeared on GO 20 and, for the
most part, were negative or only faintly expressed keratin 18.
Keratin 19. mAb RTE 1, developed in our laboratory,
stained almost all adult RTE cells (5). As shown in Figure
4 , mAb RTE 1 detected the lowest molecular weight, acidic
keratin in extracts of cultured RTE cells. Its position relative
to other keratins and actin on the blot corresponded to that
of keratin 19 as demonstrated in rat alveolar type II cells (15)
and in developing rat intestinal cells (16). mAb LP2K against
human keratin 19 stained the same spot on immunoblots (not
shown). Therefore, RTE 1 apparently reacts with the rat
homolog of human keratin 19. This is consistent with the
known localization of the epitope to all simple and stratified
rat epithelia examined (5).
Keratin 19 was not detectable with mAb RTE 1 in the tra-
cheal primordium on GO 12, at which point the notochord
and intestinal tube were positive (not shown). By GO 13,
very faint staining was visible at the luminal border and base
of a few tracheal epithelial cells (Figure 3). On GD 14 to 18,
staining intensity slowly increased and was greatest in the
cells overlying the membranous portion of the trachea. By
GD 19, most epithelial cells of the entire trachea were
strongly stained and by D I and D 7 the staining pattern was
similar to the adult. From D 1 onward, most basal cells con-
tained keratin 19 but a subpopulation was negative or only
faintly stained with mAb RTE 1.
mAbRTE 3. The antigen for mAb RTE 3, which was re-
stricted to cilia and the apical plasma membrane of ciliated
cells in normal adult rat trachea (5), first appearedin a few
epithelial cells overlying the membranous area on GD 18
(Figure 5). These cells corresponded to the presumed pre-
ciliated cells detected at this time on methacrylate sections.
Figure 5. mAb RfE 3 antigen expression during tracheal develop-
ment. Immunoperoxidase-stained sections, methyl green counter-















Figure 6. mAb lITE 11 antigen expression during tracheal development. Immunoperoxidase-stained sections, methyl green counterstain.
Bar = 20 /Lm. GD 18 to 19: membranous area; D 1 to adult: cartilaginous area.
The apical plasma membrane of the presumed preciliated
cells did not yet have visible cilia but was stained with mAb
RTE 3. Short (immature) or mature cilia and the apical
plasma membrane of all ciliated cells were strongly stained
with antibody RTE 3 on and after GD 19 (Figure 5).
mAbs KTE 9, 11, and 12. In adult rat trachea, mAbs RTE
9 and 11 stained all mucous-type secretory cells (as defined
by Spicer and colleagues [17]), which were'only a small frac-
tion of the total tracheal secretory cells (5). In fetal and neo-
natal rat tracheas, immunoreactivity with mAbs RTE 9 and
11 was first observed in the apical cytoplasm of a few cells
overlying the membranous area on GO 18(Figure 6). By GO
19, there was an explosive increase in staining with these
mAbs; apical secretory granules were present in almost all
nonciliated columnar cells and these were heavily stained.
On GD 20 to D 1, the apical cytoplasms of all nonciliated
columnar cells, as well as cytoplasmic granules were dif-
fusely stained. On 0 7, diffuse cytoplasmic staining disap-
peared, but most secretory granules continued to stain with
the antibodies. Fewer secretory cells were stained by mAbs
RTE 9 and 11after D 7; however, a greater percentage of the
total secretory cells were still RTE 9- and l l-positive on D
28 than in the adult. We assume that the perinatal secretory
cells were not mucous cells per se but coincidentally ex-
pressed the RTE 9 and 11 antigens.
mAb RTE 12 stained almost all tracheal surface secretory
cells in the adult rat , both mucous and serous types (5). In
fetal and neonatal rats, immunoreactivity with mAb RTE 12
first appeared in the apical cytoplasm of scattered cells on
D 1 (Figure 7). The relative frequency of mAb RTE 12-
reactive secretory cells increased after D 7, but on 0 28 the
number of secretory cells stained by this antibody was still
less than in adult trachea.
GS I-B. lectin. GS I-B. lectin is a sensitive and relatively
specific marker for basal cells in adult trachea (see MATER-
IALS AND METHODS and reference 4). On GO 18, diffuse GS
I-B. lectin binding sites first appeared in the cytoplasm of
columnar cells and the plasma membrane of most cells was
 





Figure 7. mAb RTE 12 antigen expression during tracheal devel-
opment. Irnmunoperoxidase-stained sections, methyl green coun-
terstain. Bar = 20 /Lm. All panels represent cartilaginous area .
faintly stained (Figure 8). From GD 19 to D 1, there was a
large increase in lectin staining of secretory cell cytoplasms
and granules, which paralleled the increase in imrnunostain-
ing observed with the mAbs RTE 9 and 11 noted above.
Secretory cell staining persisted until D 7, but by D 14 the
relative frequency of secretory cells displaying diffuse cyto-
plasmic staining decreased and secretory granules were los-
ing their reactivity. On D 28, GS I-B. lectin only stained a
small percentage of tracheal secretory cells, similar to the
adult pattern. A band of cells just above the basal lamina
which were stained with GS I-B. lectin became apparent on
GD 20. Basal cells were consistently labeled on and after
D 1. Ciliated cell s were usually negative for GS I-B. lectin
at all times.
Keratin 14. mAb LL002 reacts with human keratin 14
(10) and specifically stains basal cells in adult rat trachea (6).
The nascent basal cells first seen as the epithelium became
pseudostratified on GD 20 were not stained with mAb
LL002 (Figure 8). However, by D 1 most morphologically
recognizable basal cells were reactive. All basal cells were
strongly positive on and after D 7. No other cell types were
stained with this antibody.
mAbs KI'E 2, 7, and 13. In the adult rat, mAbs RTE 2,
7, and 13 stained most nonciliated cells (basal and secretory
cells) in the upper trachea, but only reacted with a few cells
in the lower trachea (5). These antibodies labeled a very
prominent 69 kD protein band on Western blots of adult RTE
cells (5). Staining was observed in the cytoplasm of non-
ciliated cells only after D 14 (not shown).
Discussion
Using a panel ofmAbs and a lectin, we examined the expres-
sion of phenotypic markers during fetal and neonatal tra-
cheal development. In agreement with earlier studies (1, 2),
the common precursor ofall the major tracheal epithelial cell
types during development was an undifferentiated columnar
cell . Undifferentiated columnar epithelial cells in the tra-
cheal primordium first observed on GD 12expressed keratin
18, which was found predominantly in columnar cells (both
secretory and ciliated cells) of the adult. Keratin 19, which
was present in almost all adult RTE cells, was detected, al-
beit faintly, on GD 13. Keratin 18 and 19 protein content in-
creased from GD 13 onward, and they were both ubiquitous
in the epithelium by GD 19. As basal cells appeared on GD
20, they lacked or only weakly expressed keratin 18 but
many contained keratin 19. Keratins 18 and 19 were found
in bronchial and lung epithelial cells as early as week 9 or
10 during the pseudoglandular stage of lung development in
humans (3) and at GD 80 (48 %of term) in developing rhesus
monkey airways (18); earlier times were not evaluated. In ep-
ithelial cells from developing distal rat lung, the same se-
quence of keratin expression we observed, namely keratin 18
before keratin 19, was seen , but at later stages (15). To our
knowledge, our studies are the first to document the presence
of keratin 18 in the budding endoderm as the primordial tra-
cheal and lung epithelium first formed and the later onset of
keratin 19 protein synthesis in the developing airways.
Ciliated and secretory cells , expressing specific pheno-
typic markers, were visible on GD 18. There was a rapid in-
crease in secretory cells expressing the antigen for mAbs
RTE 9 and 11 and a more gradual increase in ciliated cells
expressing the epitope for mAb RTE 3 from GD 18 to D 1.
Basal cells were reliably detected on GD 20; they never ex-
pressed markers of highly differentiated ciliated or secretory
cells. The nascent basal cells on GD 20 also did not contain










Figure 8. GS I-B4 lectin binding site and keratin 14 expression during tracheal development. GS I-B4 lectin- and mAb LL002-stained
sections, methyl green counterstain. The nascent basal cells present on GD 20 reacted with GS I-B4 lectin but did not contain keratin
14. Bar = 20 ILm.
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clearly confirmed (3) that typical, keratin 14-containing,
basal cells were not the progenitors of secretory and ciliated
cells during development. It is unknown whether basal cells
developed directly from undifferentiated cells, from early
secretory cells, or from both.
mAbs RTE 9 and 11 and GS I-B4 lectin only react with
a minority of secretory cells in the adult rat trachea and bron-
chus, principally with mucous cells (4, 5). However, from
GD 19 to D 7 in developing tracheas, virtually all secretory
cells were intensely stained with all three reagents. Addition-
ally, on GD 20 and D 1 the cytoplasms as well as secretory
granules contained all three markers. In contrast, mAb RTE
12 stained all tracheal surface secretory cells in the adult rat
(5), but its epitope did not appear until D 1 and the number
of positive cells only slowly increased to adult levels. These
results demonstrate major changes in the biochemical com-
position of secretory cells during development and postnatal
maturation. The intense staining of the cytoplasm as well as
storage granules also suggests very active synthesis of secre-
tory products during the perinatal period. Similar alterations
in secretory cells were also observed during epithelial regen-
eration in tracheal grafts (7). These observations demonstrate
the highly variable phenotype of tracheobronchial secretory
cells. GS I-B4 lectin, and probably mAbs RTE 9 and 11,
detect carbohydrate moieties of mucin glycoproteins. We do
not know if the changes we observed reflect variable glycosy-
lation of the peptide backbone of the same gene product, the
synthesis of novel mucin glycoprotein genes, or both. There
are still large gaps in our knowledge of the specific products
of tracheobronchial secretory cells, and regulation of their
expression and post-translational modification.
One purpose of the present studies was to compare the se-
quence of marker expression between development and epi-
thelial regeneration. At early time points during epithelial
regeneration in tracheal grafts, all cells were squamoid,
poorly differentiated, and contained keratin 14 and diffuse
GS l-Bs Iectin binding sites. At later time points, keratin 14
and diffuse GS I-B4 lectin binding sites were gradually lost
from all but basal cells as highly differentiated secretory and
ciliated cell markers (mAb RTE 9 and 11 and RTE 3 anti-
gens, respectively) were acquired (7). In grafts, nascent
secretory and ciliated cells still contained keratin 14 and
diffuse GS I-B4 lectin binding sites, indicating that they de-
scended from the PD cells (7). In developing tracheas, the
epitopes detected by mAbs RTE 9 and 11 and RTE 3 ap-
peared before keratin 14. Regeneration has been generally
thought of as recapitulating the steps taken during develop-
ment. We observed similar patterns of increasing keratin 18,
and secretory and ciliated cell antigen expression in both de-
velopment and regeneration. Interestingly, keratin 14 ex-
pression was strikingly different between these processes,
revealing a fundamental difference in pathways of cellular
biochemical differentiation. Perhaps one sequence is fol-
lowed for the initial developmental acquisition of the major
tracheal epithelial cell phenotypes, but, once established,
new and different pathways become operative.
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